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® Scheduling methods for efficient frequency reuse in a multi-cell wireless network served by a 
wired local area network. 



@ A method includes a first step of receiving a 
message from a wired network (1) with at least one 
header station (12). The message is a message type 
that authorizes a header station or header stations to 
transmit on a wireless network. A second step of the 
method is accomplished in response to the received 
first message, and initiates wireless communications 
with any mobile communication units (10) that are 
located within a communication cell served by the at 
least one header station. In one embodiment the 
message circulates around a token ring and ac- 
^ tivates header stations in turn. In another embodi- 
^ ment disjoint groups of header stations are predeter- 
mined by graphical techniques, including graph 
^ coloring niethods. The predetermined group informa- 
m tion is maintained by a network controller that there- 
^ after selectively activates the header stations within 
fQ the different groups. 




FIG. la 



He 




10 



BNSDOCiO: <EP . 04a3S45A1 . 1. > 



Rank Xerox <UK) Business Services 

1-/2. 18/2. II 



1 EP 0 483 545 A1 2 



This invention relates generally to communica- 
tion methods and. In particular, to scheduling meth- 
ods for providing frequency reuse in a multi-cell 
wireless network. 

In a local area network (LAN) a user, such as a 5 
portable computer equipped with communication 
capability, gains access to the LAN via a physical 
connection in order to communicate with remote 
facilities or use shared resources, such as file 
servers, print servers, etc. In a stationary mode of io 
operation, all users are static and each user gains 
access to the network via a fixed homing point. 
However, in a mobile environment users are free to 
change their physical location and cannot be re- 
stricted to gain access to the network only through is 
one of several homing points attached to the LAN. 
In a mobile environment the homing points are 
fixed header stations that communicate with the 
mobile users through a wireless link. Examples of 
wireless links Include radio frequency (RF) links, 20 
microwave links and infrared (IR) links. 

Of interest herein are wireless communication 
networks having overlapping coverage areas or 
cells wherein the same frequencies are employed 
for the uplink and the downlink, respectively, within 25 
each area. The use of the same frequencies in 
overlapping communication cells is referred to as 
frequency reuse. Frequency reuse is advantageous 
in that it eliminates a requirement that the mobile 
users switch frequencies when migrating from one 30 
cell to another. 

However, the transmission and reception of 
messages in a cell of a multlcell network, of the 

type that ern ploys identical communication _f re; 

quencies in different cells, requires control of inter- 35 
ference between users. This interference may oc- 
cur from several sources including uplink transmis- 
sions from mobile users that lie in overlapping 
areas between adjacent cells and downlink trans- 
missions from header stations if their overlapping 40 
cell areas contain one or more mobile users. 

The following U.S. Patents and articles are 
made of record for teaching various aspects of 
mobile communication. 

The following two U.S. Patents show commu- 45 
nication systems having overlapping coverage 
areas. U.S. Patent 4.597.105, June 24, 1986, en- 
titled "Data Communications System having Over- 
lapping Receiver coverage Zones" to Freeburg and 
U.S. Patent 4,881,271, issued November 14, 1989, 50 
entitled "Portable Wireless Communication Sys- 
tems" to Yamauchi et al. Yamauchi et al. provide 
for a hand-off of a subscriber station from one base 
station to another by the base station continually 
monitoring the signal strength of the subscriber 55 
station. 

The following U.S. patents teach various as- 
pects of wireless communication networks. 



In U.S. Patent No. 4.792,946, issued December 
20, 1988, entitled "Wireless Local Area Network for 
Use in Neighborhoods" S. Mayo describes a local 
area network that includes transceiver stations seri- 
ally coupled together in a loop. 

In U.S. Patent No. 4,777,633, issued October 
11, 1988, entitled "Base Station for Wireless Digital 
Telephone System" Retcher et al. describe a base 
station that communicates with subscriber stations 
by employing a slotted communications protocol. 

In U.S. Patent No. 4,730,310, issued March 8, 

1988, entitled "Terrestrial Communications Sys- 
tem" Acampora et al. describe a communications 
system that employs spot beams, TDMA and fre- 
quency reuse to provide communication between a 
base station and remote stations. 

In U.S. Patent No. 4,655,519, issued May 12, 
1987, entitled "Wireless Computer Modem" Kirch- 
ner et al. disclose a wireless modem for transfer- 
ring data in a computer local area network. 

In U.S. Patent No. 4,639,914, issued January 
27. 1987. entitled "Wireless PBX/LAN System with 
Optimum Combining" Winters discloses a wireless 
LAN system that employs adaptive signal process- 
ing to dynamically reassign a user from one chan- 
nel to another. 

In U.S. Patent No. 4,837,858, issued June 6, 

1989, entitled "Subscriber Unit for a Trunked 
Voice/Data Communication System" Ablay et al. 
disclose a trunked voice/data subscriber that op- 
erates in either a voice mode or one of three data 
modes. 

In U.S. Patent No. 4,852.122. issued July 25. 
1M?»„.entfi!ed "Modem Suited for Wireless Com- 
munication Channel Use" Nelson et al. disclose a 
wireless communication system and, specifically, a 
modem that communicates digital data with data 
terminal equipment. 

In U.S. Patent No. 4,926,495, issued May 15, 
1990 entitled "Computer Aided Dispatch System" 
Comroe et al. disclose a computer aided dispatch 
system that includes a master file node and a 
plurality of user nodes. The master file node main- 
tains a record for each subscriber and automati- 
cally transmits an updated record to each dis- 
patcher attached to a subgroup in which the sub- 
scriber operates. 

In U.S. Patent No. 4.456.793, issued June 26, 
1984, W. E. Baker et al. describe a cordless tele- 
phone system having Infrared wireless links be- 
tween handsets and transponders. The transpon- 
ders are wired to subsystem controllers which are 
in turn wired to a system controller. The central 
controller polls the cordless stations every 100 
milliseconds to detect cordless station locations 
and to identify "missing" cordless stations. 
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In U.S. Patent No. 4.807,222, issued February 
21, 1989 N. Amitay describes a LAN wherein users 
communicate with RF or IR signals with an as- 
signed Regional Bus Interface Unit (RBIU). Pro- 
tocols such as CSMA/CD and slotted ALOHA are 
employed in communicating with the RBIUs. 

In commonly assigned U.S. Patent No. 
4,402.090, issued August 30, 1983, F. Gfeller et al. 
describe an infrared communication system that 
operates between a plurality of satellite stations 
and a plurality of terminal stations. A host computer 
communicates with the terminal stations via a clus- 
ter controller and the satellite stations, which may 
be ceiling mounted. Communication with the termi- 
nal stations is not interrupted even during move- 
ment of the terminal stations. 

In IBM Technical Disclosure Bulletin, Vol. 20, 
No. 7, December 1977 F. Closs et al. describe the 
use of both line-of-sight and diffuse transmission of 
infrared signals for wireless communications be- 
tween a ceiling-based controller and a plurality of 
terminals- 

In IBM Technical Disclosure Bulletin, Vol. 24. 
No. 8, page 4043, January 1982 F. Gfeller de- 
scribes general control principles of an infrared 
wireless network incorporating multiple ceiling 
mounted transponders that couple a host/controller 
to multiple terminal stations. Access to the uplink 
channel is controlled by a Carrier Sense Multiple 
Access/Collision Detection (CSMA/CD) method. 

What is not taught by this prior art. and what is 
thus an object of the invention to provide, are 
communication methodologies that realize an effi- 
cient scheduling-^and frequency-reuse-in a wireless . 
communications network that is served by a wired 
network. 

The foregoing and other problems are over- 
come and the object of the invention is realized in 
advantageous manner by a method for managing 
wireless communications in a wireless communica- 
tions network having a plurality of communications 
cells, at least two of which are overlapping with one 
another, as laid down basically in the independent 
claim. The wireless communications network is of a 
type having a plurality of header stations In bidirec- 
tional wireless communication with one or more 
mobile communication units and also in bidirec- 
tional communication with a wired network. In ac- 
cordance with the Invention the method includes a 
first step of receiving a message from the wired 
network with at least one of the header stations. 
The message Is a message type that authorizes a 
header station or header stations to transmit on the 
wireless network. A second step of the method Is 
accomplished in response to the received message 
and initiates wireless communications with any mo- 
bile units that are located within a communication 
cell served by at least one header station. 



One method of the invention circulates a high 
priority token amongst a plurality of the header 
stations that are connected to a wired network such 
as, but not limited to, a token ring network. Recep- 
5 tion of the token causes the receiving header sta- 
tion to perform wireless communications. When 
finished, the header station forwards the token to 
another header station. 

Another method of the invention allocates 
10 header stations to different groups, the members of 
each group having disjoint communication cells. 
This method includes the steps of (a) determining 
which communication cells overlap other commu- 
nication cells; (b) deriving a graph structure having 
75 vertices corresponding to the communication ceils, 
the vertices being Interconnected as a function of 
whether a given communication cell overlaps an- 
other communication cell; and (c) executing a 
graph coloring technique to group the vertices into 
20 a plurality of groups, wherein each group is com- 
prised of disjoint communication cells. The group- 
ing information is maintained by a network control- 
ler that, during operation, activates in parallel all of 
the header stations of each group for performing 
25 wireless communications, the groups being acti- 
vated in succession and repetitively. 

The above set forth and other features of the 
invention are made more apparent In the ensuing 
Detailed Description of the Invention when read In 
30 conjunction with the attached Drawing, wherein: 

Fig. la is a schematic representation of a 
token ring LAN having a plurality of 
header stations and a wireless net- 
work having overlapping communica- 
35 tion cells within which mobile com- 

munication units freely migrate; 
Fig. lb is a block diagram illustrating one of 

the header stations of Fig. 1a; 
Fig. 1c is a block diagram illustrating one of 
40 the mobile communication units of 

Fig. la; 

Fig. 2 Illustrates a response of a header 
station to an arrival of a privileged 
token; 

45 Fig. 3 Is a state diagram showing various 
possible logical states of a header 
station, Including a privileged state 
invoked upon receipt of the privi- 
leged token; 

50 Fig. 4 illustrates a multiple cell wireless net- 
work having overlapping communica- 
tion cells and mobile communication 
units distributed within the cells; 
Fig. 5 is a Region Interference Graph of the 
55 network of Fig. 4; 

Fig. 6 illustrates a sequence of header sta- 
tion group activations controlled by a 
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LAN central controller; and 
Fig. 7 is a flowchart Illustrating a method of 
allocating header stations to groups. 

DETAILED DESCRIPTION OF THE INVENTION 

Referring to Fig. 1 there is shown a typical 
mobile office communication environment. Users 
having portable data processing devices, referred 
to herein as mobile communication units or mobile 
units 10, are not restricted to gain access to a 
toi<en-ring communication network 1 via predeter- 
mined homing points. Instead, there are provided a 
finite number of devices, referred to herein as 
header stations 12, that are attached to the token- 
ring network 1 at specific points. Each header 
station 12 has both processing and storage capa- 
bility to perform store-and-forward communication 
functions. Each header station 12 functions as a 
bridge between the wired token-ring LAN and a 
collection of mobile units 10, The mobile units 10 
are in bidirectional communication with the header 
stations 12 using wireless communication links. 
Within an area of wireless coverage of a header 
station, or communication cell 2, the mobile units 
10 transmit on a shared uplink at a first frequency 
(fup) and receive messages on a broadcast down- 
link channel from the header station 12 at a second 
frequency (fdown). The same frequencies (f„p) and 
ffdown) ai'© reused within each cell In the multicell 
wireless network. 

One suitable token ring network for practicing 
the teaching of the invention is disclosed in "IBM 
Token-Ring Network: Architecture Reference", 
8030-3374-02. Th^rd Edition/Sep. 1989 ("IBM" is 
a registered trademark of the International Business 
Machines Corporation), It should be realized how- 
ever that the teaching of the invention is not re- 
stricted to only this particular network configuration 
or to token ring networks in general but may. 
instead, be practiced with a number of different 
wired network types. 

Each mobile unit (N) is associated with a 
unique header station (12). denoted as Owner (N), 
through which the mobile unit 10 accesses the 
wired token-ring network. A given header station 
(H) may own multiple mobile units 10 at the same 
time. The set of mobile units 10 owned by header 
station (H) is denoted Domain(H). 

A suitable method for managing the ownership 
of the mobile units 10 is disclosed in commonly 
assigned U.S. Patent Application Serial No. 
07/605,723. filed on 29 October 1990 and entitled 
"Distributed Control Methods for Management of 
Migrating Data Stations in a Wireless Communica- 
tions Network" by Kadathur S. Nalarajan (IBM's 
docket number YO990-117). 



The Owner-Domain relationships are logical 
and indicate for each header station (H) the set of 
mobile units 10 whose communication needs are 
managed by H. However, when a mobile unit 10 is 

5 in an overlapping area, its uplink transmissions can 
be heard by more than one header station 12. 
including its present owner and all potential owners 
in whose cells it is located. For example, in Fig. 1, 
uplink transmissions from B may interfere with 

10 transmissions by A, C. D and E. However B does 
not interfere with F because B and F can never 
transmit to the same header station 12. For the 
same reason, B and G do not interfere with one 
another. The interference is not limited to uplink 

75 transmissions alone. A mobile unit 10. such as B. 
that is within an overlapping cell area can receive 
broadcast signals from multiple header stations 12 
(B can receive from both Hi and H2). If a mobile 
unit 10 simultaneously receives broadcast mes- 

20 sages from more than one header station 12 a 
collision occurs and the messages are received 
erroneously. 

Thus, the transmission and reception of mes- 
sages In a cell of a multicell network of the type 

25 that employs identical communication frequencies 
in different cells requires control of interference. 
This interference may arise from several sources 
including an uplink transmission from mobile units 
10 that lie in overlapping areas between adjacent 

30 cells 2 and from downlink transmissions from head- 
er stations 12 if their overlapping cell areas contain 
one or more mobile units 10. 

Before discussing the methods of the invention 
in further detail reference is made to Figs, lb and 

35 1c wherein embodiments of the header stations 12 
and mobile units 10, respectively, are shown in 
block diagram form. In a presently preferred em- 
bodiment of the invention the wireless communica- 
tions channels are carried via an infrared (IR) data 

40 link. Presently available optical devices readily pro- 
vide for operation within the range of approximately 
750 nanometers to approximately 1000 nano- 
meters. 

Referring to Fig. lb there is shown a simplified 
45 block diagram of the header station 12. The header 
station 12 is coupled to the LAN 1 via a connector 
14. Connector 14 is coupled to a network adapter 
transceiver 22 which in turn is coupled to an inter- 
nal bus 24. The header station 12 includes a pro- 
50 cesser 26 that is bidlrectlonally coupled to a mem- 
ory 28 that stores program-related and other data, 
including packets of data transmitted to or received 
from the mobile units 10. Processor 26 also com- 
municates with IR modulators and receivers; spe- 
55 cifically a modulator 30a and a receiver 30b. The 
IR modulator and receiver have inputs coupled to 
suitable infrared emitting or receiving devices such 
as laser diodes. LEDs and photodetectors. In the 
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Illustrated embodiment the modulator 30a has an 
output coupled to a transmit diode (TD) and the 
receiver 30b has an input coupled to a receive 
photodiode (RD). 

Referring now to Rg. lc there is shown in 
block diagram form an embodiment of the mobile 
unit 10. Mobile unit 10 includes a processor 32 
coupled to an operator input device 34 and also 
coupled to an operator display device 36. Operator 
input device 34 may be a keyboard or any suitable 
data entry means. Similarly, operator display de- 
vice 36 may be a flat panel alphanumeric display 
or any suitable display means. Also coupled to 
processor 32 is a memory 38 that stores program- 
related data and other data, such as packets of 
information received from or intended to be trans- 
mitted to the header station 12 and also an iden- 
tification of the mobile unit 10. Also coupled to 
processor 32 are a modulator 40a and a receiver 
40b. The data receivers of Figs, lb and 1c include 
demodulators and filters and operate in a conven- 
tional manner to extract the modulated bit stream 
from the received optical signals. Similarly, the 
modulators of Figs, lb and 1c operate in a conven- 
tional manner to modulate the optical output in 
accordance with a transmitted bit stream. A pre- 
ferred data transmission rate is in the range of 
approximately one to ten million bits per second (1- 
10 Mbits/sec), although any suitable data transmis- 
sion rate may be employed. 

In the optical communication system of the 
invention all wireless communication is between 
the header station 12 and the mobile units 10. 
.There is-no-direct-communication between the mo- 
bile units 10. 

Although described in the context of a wireless 
network employing an IR medium it should be 
realized that the method of the invention may also 
be practiced with other types of wireless networks 
that employ, by example, radio frequency (RF) and 
microwave mediums. 

Referring now to Fig. 1 in conjunction with Fig. 
3 the token-ring network 1 has a set of attached 
header stations (Hi. H2. ... Hn). One feature of the 
token-ring network 1 is that the network transports 
messages having various priority levels. In the 
present invention, a high priority message referred 
to as Permit Wireless Transmission 
(PERMIT_WIRELESS__TRAN) is circulated. When 
an individual header station 12 (Hh) receives the 
PERMIT_WIRELESS_TRAN message the receiv- 
ing header station 12 exits a Normal State (A) of 
operation and enters a Privileged State (B) of op- 
eration. 

In the Normal State (A) the header station 12 
performs the tasks of transmitting data and lower 
priority tokens over the network 1 (State C) and 



also the tasks of receiving and buffering data ad- 
dressed to a mobile unit 10 within the domain of Hk 
(State D). 

In one embodiment while in the Privileged 
5 State (B) the header station 12 is enabled to ex- 
ecute a protocol, as shown in Fig. 2. to broadcast 
to and also to poll the mobile units of its domain to 
elicit uplink transmissions from mobile units having 
data to transmit (E). 
70 When the wireless operations are complete 

within the cell the header station 12 releases the 
PERMIT_WIRELESS_TRAN token, i.e.. the token 
is passed on to the next header station 12 on the 
token ring. In Fig. 3, the states shown above the 
16 dotted line indicate that the header station 12 can 
be receiving and/or transmitting data on the wired 
token-ring network 1 in a manner unrelated to wire- 
less operations. Insofar as the wired token-ring 
network 1 is concerned, the header station 12 
20 appears as another workstation physically connect- 
ed to the LAN- 

The protocol illustrated in Fig. 2 is one suitable 
protocol wherein the header station 12 polls the 
individual mobile units 10 in sequence for uplink 
25 transmissions and simultaneously, or subsequently, 
broadcasts messages on the downlink to the mo- 
bile units 10, depending upon the multiple access 
protocol in effect. 

Other suitable methods for polling the mobile 
30 units 10 are disclosed in commonly assigned U.S. 
Patent Application Serial No. 07/605,285. filed on 
29 October 1990 and entitled "Methods for Polling 
Mobile Users in a Multiple Cell Wireless Network" 
by Kadathur S. Natarajan et al, (IBM's dock et num-__ 
35 ber YO990-146). 

After the polling and broadcast operations are 
complete the header station 12 terminates wireless 
operations. The header station then transmits the 
high priority PERMIT_WIRELESS_TRAN mes- 
40 sage to the next header station 12 on the token 
ring network 1. The next header station 12 that 
receives the high priority token then enters the 
privileged mode of wireless communication and 
communicates in a similar manner with the mobile 
45 units 10 of its associated domain. 

In greater detail, as the 
PERMIT_WIRELESS_TRAN token circulates ar- 
ound the network 1 the token is received by the 
header station Hi. Hi enters the privileged mode 
50 and polls in sequence the individual mobile units 
10 that currently comprise the domain of Hi. in 
accordance with Fig. 1 , let the set of mobile units 
10 in the domain of Hi be comprised of {A, B. C}, 
let the mobile units 10 in the domain of H2 be {D. 
55 E} and let the set of mobile units 10 In the domain 
of H3 be {F.G}. When Hi possesses tlie 
PERMIT_WIRELESS__TRAN token it polls in suc- 
cession mobile unit A then B then C. Polling a 
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specific mobile unit 10, for example A, involves 
sending downlink a polling message to mobile unit 
A and then waiting for immediate response from A. 
If no response is forthcoming, the polling message 
is sent to B. However, if mobile unit A responds to 
the downlink polling message with an uplink trans- 
mission, then Hi waits until the uplink transmission 
is complete before polling mobile unit B. 

After header station Hi completes the polling 
of all mobile units 10 within its domain it passes 
the PERMIT_WIRELESS_TRAN token to the next 
node on the token-ring network 1. If the next node 
is another header station (H2) then H2 will poll the 
mobile units 10 in its domain {D,E} at that time. 
After H2 finishes polling all of the associated mo- 
bile units 10. the token is passed on to the next 
node on the ring. After the 
PERMIT_WIRELESS_TRAN token returns back 
to the header station Hi , Hi once more enters the 
States B and E of Fig. 3. If a node that receives the 
PERMIT_WIRELESS_TRAN token is other than a 
header station 12 then the token may be imme- 
diately routed back to the token-ring network 1 . As 
such, header stations 12 may be interspersed with 
other types of network devices, such as a Central 
Controller 3 that Is shown in Fig. 1. 

In summary, this first method of the invention 
achieves effective control of wireless communica- 
tion through the agency of a circulating privileged 
token. By definition only a single wireless cell can 
be active at any given time. Thus the problems of 
uplink interference between mobile units and down- 
link interference between header stations is elimi- 
nated. 

There is now described a second method of 
the invention that achieves efficient frequency 
reuse in a wireless communications system having 
overlapping cells. This second method provides 
conflict-free transmissions in the wireless portion of 
the network system and also provides efficient 
reuse of bandwidth in spatially disjoint cells of the 
wireless network. 

Steps of the second method of the invention 
are shown in the flowchart of Fig. 7 and are de- 
scribed below. 

Step A. An off-line procedure PI is employed, 
based on a knowledge of the positions of the cells 
2 of the network 1, to determine which cells of the 
wireless network can simultaneously conduct wire- 
less communication without interfering with one 
other. 

Step B. 'the results of PI are used to Initialize 
a Table 4 in the Centralized Controller 3, typically a 
data processor, that is attached to the token-ring 
network 1. The Controller 3 utilizes the Table 4 and 
derives therefrom a schedule to obtain interference 
free simultaneous wireless operations in disjoint 
cells of the network. Two cells are considered to be 



disjoint when they do not overlap in a manner that 
would result in interference if both cells were si- 
multaneously active. 

Step C. The Controller 3 selectively activates 
s header stations associated with the disjoint cells in 
accordance with the derived schedule. 

These Steps (A-C) are now described in great- 
er detail. 

10 Step A. 

For the purpose of illustration consider a multi- 
cell wireless network shown in Fig. 4. The network 
consists of a set of seven cells {A,B,C,D,E,F,G,} 

IS and 11 mobile units 10 numbered one through 11. 
Given the predetermined knowledge of cells and 
their overlap characteristics, there is defined a Re- 
gion Interference Graph, or RIG. as follows. The 
RIG has a plurality of vertices, each of which 

20 correspjonds to a single cell of the multicell net- 
work. Two vertices of the RIG are considered to be 
connected if and only if the corresponding cells 
provide overlapping coverage, that is, if simulta- 
neous wireless communication in the cells will in- 

25 terfere with one another. The RIG corresponding to 
the network of Fig. 4 is shown in Fig. 5 and has 
seven vertices, corresponding to the seven cells 
(A-G) of Fig. 4. 

The purpose of Procedure PI Is to group the 

30 cells into a collection of disjoint sets of cells. This 
is preferably accomplished by solving a Graph 
Coloring problem using an optimal or near-optimal 
number of colors. 

A number of suitable Graph Coloring tech- 

35 niques are known in the art. By example, reference 
is made to the teaching of the following: (1) D, 
Breiaz, "New Methods to Color Vertices of a 
Graph", Communications of the ACM, 22, 1979. pp. 
251-256; (2) F. T. Leighton. "A Graph Coloring 

40 Algorithm for Large Scheduling Problems" Journal 
of Research National Bureau of Standards, 84, 
1979. pp. 489-506; and (3) M. Chamz. A. Hertz and 
D. De Werra, "Some Experiments with Simulated 
Annealing for Coloring Graphs", European Journal 

45 of Operations Research, 32, 1987, pp. 260-266. For 
the purposes of the invention, any Graph Coloring 
technique that achieves optimal or near-optimal 
coloring in a reasonable amount of running time Is 
suitable. 

50 Generally, the Graph Coloring problem can be 

expressed as follows: 

Given a graph G = (V,E) and an integer K, 

is there a function colonV— {1,2,...,K} such that 

(v,w)€ E = > color(v) * color(w) ? 
55 An optimal coloring of the graph uses as small 

a value of K as possible. 
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A minimum coloring solution for the graph of 
Fig. 5 is as follows (red=l. blue = 2. green = 3. 
black = 4). 

color(F) = color(D) = red 
color(B) = color(E) = blue 
color(A) = color(C) = green 
color(G) = black 

Vertices that are assigned identical colors cor- 
respond to cells of the network that do not overlap. 
Groups of disjoint cells that are identified by solv- 
ing the Graph Coloring problem are referred to 
herein as Groups Groupa GroupK- A given head- 
er station can only be a member of one Group. 

As described below refinements to this tech- 
nique employ weights associated with the nodes of 
the graph, the weights corresponding to message 
traffic intensities. 

Step B. 

The Central Controller 3 is initialized with the 
results computed by the Graph Coloring Algorithm, 
also referred to above as Procedure 1 . That is, the 
Central Controller 3 stores in Table 4 a data struc- 
ture expressive of the Groups of cells as deter- 
mined from Procedure 1 . 

Step C. 

After being initialized the Central Controller 3 
sends a high-priority multicast message, referred to 
herein as START_WIRELESS__OPER, to all of the 
header stations 12 that are members of Groupi. 

Each header station 12 that belongs to Groupi. 

upon receipt of the START_WIRELESS_OPER 
message, initiates wireless transmission and recep- 
tion operations with the mobile units 10 within its 
associated cell. The wireless operations include 
multiple access uplink transmissions from the mo- 
bile units 10 as well as broadcast transmissions on 
the downlink from the header stations 12 to the 
mobile units 10. 

The header station 12 can terminate the down- 
link transmission using one of three application 
dependent criteria: (a) exhaustive service (b) limit- 
ed service or (c) gated service. In exhaustive ser- 
vice the header station 12 remains in the broadcast 
mode until all buffered frames of data are transmit- 
ted, including any that may have arrived from the 
wired network during the present broadcast cycle. 
In limited service the header station 12 remains in 
the broadcast mode for either a predetermined 
maximum amount of time or until some predeter- 
mined number of frames have been broadcast. If 
frames remain to be broadcast they remain buf- 
fered until the next communication cycle. Gated 
service is similar to exhaustive service except that 
only those frames that are buffered at the begin- 
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ning of the broadcast phase are transmitted. That 
is, any that arrive during the present broadcast 
phase are buffered for transmission during a next 
communication cycle. 
5 Whichever of these three criteria are em- 

ployed, the header station 12 sends upon comple- 
tion a high-priority message, referred to herein as 
C0MPLETED_WIRELESS_OPER, to the Central 
Controller 3. 

10 After the Central Controller 3 receives the 

COMPLETED_WIRELESS__OPER message from 
all header stations 12 in Groupi it sends the high- 
priority, multicast message 

START_WIRELESS_OPER to all header stations 

15 12 that are members of Groupa- In response to the 
reception of the message the header stations 12 in 
Groups initiate in parallel conflict-free wireless op- 
erations within their respective domains. The oper- 
ations proceed as described above for Groupi. 

20 After the Central Controller 3 receives the 
COMPLETED_WIRELESS_OPER message from 
all header stations 12 in Groups wireless commu- 
nication is conducted in cells comprising Groups. A 
cycle of wireless operations is completed when all 

25 of the cells comprising Groupk send their 
COMPLETED_WIR.ELESS_OPER messages to 
the Central Controller 3. At this time, another cycle 
of wireless communication is initiated by the Cen- 
tral Controller 3 within the cells of Groupi followed 

30 by cells of Group2 and so on. As can be seen in 
Fig. 6. the Central Controller 3 repetitively cycles 
through the groups, activating the header stations 
of each in succession. 

This method of the invention provides efficient 

35 bandwidth reuse in the wireless portion of the net- 
work. If there are N wireless cells in the network, a 
best case is achieved when all N cells are totally 
disjoint from one another. In such a situation, all N 
cells can conduct wireless operations at all times in 

40 a conflict-free manner. In a more typical wireless 
environment some overlap between cells is ex- 
pected. For example, if each cell overlaps with two 
other cells then N header stations 12 may be 
partitioned into 3 disjoint groups and at any given 

45 time an average of N/3 header stations may be 
conducting wireless operations. If the token-ring 
network 1 has a data transmission rate of 16 
Mbits/sec and there are 30 header stations, each 
with a shared uplink of 1 Mbit/sec. that are divided 

50 into 3 disjoint groups, the effective uplink band- 
width is 10 Mbits/sec. 

It should be realized that the teaching of the 
Invention is not limited to only Graph Coloring 
techniques to statically determine a non-Interfering 

56 order of cell activations. Also, and as was pre- 
viously noted, a static scheduling technique may 
also employ weights representative of message 
traffic intensity. 

7 
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For example, the intensity of traffic, that is, the 
number of packets of traffic to be communicated 
per unit time, may vary from cell to cell depending 
upon the number of mobile units 10 within a cell, 
the nature of the application generating the traffic, 
etc. If such information is known then a certain 
weight (Xn) can be associated with a node N of the 
the RIG of Fig. 5 to reflect the traffic intensity. The 
partitioning of the RIG is thus formulated as the 
following generalized static scheduling problem. 

Given a Region Interference Graph G = (V.E.) 
determine an integer K and a partition of the vertex 
set into a family of subsets {Groupi, Group2,..M 
GroupK} such that each Groupi (1^i^K) is an in- 
dependent set and the following objective function 
is minimized: 



^7V,{Group^) , 

;=/ 

where. X(GrouPi) = max{XN|N€Groupi}. 

Further by example a combination of static 
scheduling techniques may be employed. For ex- 
ample, the static graph coloring procedure is first 
used. After gaining experience with the network 
thus scheduled the following average values for 
communication traffic is determined for the RIG 
vertices: A = 10 messages/sec, B = 5 
messages/sec, 0 = 10 messages/sec. D = 10 
messages/sec, E = 10 messages/sec. F = 2 
messages/sec and G = 1 message/sec. 

Using the average values of message traffic 
the controller 3 revises the scheduling table to 
provide activation group sequences that minimize 
the total time to service all of the header stations 
as measured in message unit times. A next group 
is not started until all of the header stations of the 
preceding group have completed. For example, the 
optimal group sequence of AD, followed by CE, 
followed by B, followed by FG can be shown to 
require 27 total message time units whereas a non- 
optimal group sequence is represented by AF, 
followed by EC. followed by BD. followed by G. 
which can be shown to require 31 total message 
time units to complete. 

Also, the invention is not limited to only static 
scheduling methods. For example, a dynamic 
scheduling technique can also be employed. Refer- 
ring to the interference graph of Fig. 5, vertices A, 
D and F form an independent set in that they are 
not directly connected by an edge. The controller 3 
first enables vertices A, D and F to begin wireless 
communication. Assuming that A completes first 
the controller 3 then examines other vertices to 
determine if another may be enabled without inter- 



fering with the transmissions of D and F. If no other 
vertices exist further activations must wait, other- 
wise the controller 3 immediately activates another 
non-conflicting header station. For the example giv- 

5 en no other header station can be enabled when A 
finishes without conflicting with D or F. Assuming 
that F finishes next the controller 3 enables B in 
that B and F also form an independent set and 
their transmissions are non-interfering. 

10 It should also be noted that as described above 

the scheduling is controlled such that all cells of a 
group must complete their wireless operations be- 
fore cells within another group are permitted to 
perform wireless operations. However, modifica- 

75 tions of the method are also within the scope of the 
invention. For example, a traffic load dependent 
scheduling technique can also be employed by the 
Central Controller 3 to initiate wireless operation in 
a given cell so long as it does not conflict with any 

20 ongoing wireless operation within other cells. Such 
refinements incorporate mechanisms for ensuring a 
measure of fairness so that each cell has an op- 
portunity to perform wireless operations. 

In that while wireless communication is occur- 

25 ring in the cells the token-ring network 1 is at the 
same time available for normal data communica- 
tion. The overhead control traffic due to transmis- 
sion of the high-priority control messages 
START__WIRELESS_OPER and 

30 COMPLETED_WIRELESS_OPER is generally 
negligible. 

It should also be noted that although the inven- 
tion has been described in the context of a token- 
ring network that other well known network configu- 

35 rations can also be employed. For example, a star 
network having the Central Controller 3 connected 
as a hub node can also be used. For certain of 
these alternate network configurations all message 
traffic is routed through the Central Controller 3. 

40 Also, all cells may be considered to overlap all 

other cells, thereby making the first method of 
sequential activations a subset of the second 
wherein at most one cell is scheduled for activation 
at any given time. 

45 

Claims 

1. A method for managing wireless communica- 
tions in a wireless communications network 

50 comprised of a plurality of communications 

cells at least two of which are overlapping with 
one another, the wireless communications net- 
work having a plurality of header stations each 
including means for performing bidirectional 

55 wireless communication with one or more mo- 

bile communication units and each also includ- 
ing means for performing bi-directional com- 
munication with a wired network, comprising 
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the steps of: 

receiving a first message from the wired net- 
work with at least one of the header stations, 
the first message being a message type that 
authorizes a header station or header stations 
to transmit on the wireless network; and 

in response to the received first message, ini- 
tiating, preferably activating an IR source, wire- 
less communications with any mobile units that 
are located within a communication cell served 
by the at least one header station. 

2. Method as set forth in Claim 1 wherein the first 
message is received from another header sta- 
tion coupled to the wired network or wherein 
the first message is received from a first head- 
er station coupled to the wired network and 
further comprising a step of. in response to the 
header station terminating wireless communi- 
cations, transmitting the first message to the 
wired network for reception by a second head- 
er station or wherein the first message is re- 
ceived from a network controlling means that is 
coupled to the wired network or wherein the 
first message is received from a network con- 
trolling means coupled to the wired network 
and further comprising a step of, in response 
to a header station terminating wireless com- 
munications, transmitting a second message to 
the wired network for reception by the network 
controlling means, the second message being 

a message type that Indicates that the header - 

station has completed a transmission session 
with alt or some of the mobile communication 
units within the cell associated with the header 
station. 

a Method as set forth in Claim 1 or 2 wherein the 
steps of receiving and initiating are accom- 
plished in parallel by a group of header sta- 
tions, and wherein the method includes an 
initial step of selecting particular ones of the 
header stations for membership within the 
group. 

4. Method as set forth in Claim 3 wherein the 
initial step of selecting includes the steps of: 

determining which communication cells, if any, 
overlap one another; and 

selecting for membership within the group only 
those header stations having a communication 
cell that does not overlap a communication cell 
of another header station within the group. 



5. Method as set forth in Claim 4 and further 

comprising a step of forming a plurality of 
groups of header stations such that all header 
stations are assigned to at least one group. 

5 

6. Method as set forth in Claim 1 or one of the 
Claims 2 to 5 wherein the steps of receiving 
and initiating are accomplished in parallel by a 
group of header stations, and wherein the 

70 method includes an initial step of selecting 

particular ones of the header stations for mem- 
bership within a one of the plurality of groups, 
the step of selecting including the steps of: 

75 determining which communication cells overlap 

other communication cells; 

deriving a graph structure having vertices cor- 
responding to the communication cells, the 
20 vertices being interconnected as a function of 

whether a given communication cell overlaps 
another communication cell; and 

executing a graph coloring technique to group 
25 the vertices into a plurality of groups, wherein 

each group is comprised of one or more com- 
munications cells that do not overlap other 
members of the group. 

30 7. Method as set forth in Claim 6 and including a 
step of storing a data structure expressive of 
the groups, the data structure being stored 
within a network controlling means; and further 
- - including a step of employing the network con^ 

35 trolling means to periodically send the first 

message to header stations that comprise 
each of the groups. 

8. Method as set forth in Claim 1 or anyone of 
40 the Claims 2 to 7 wherein the step of receiving 

receives a high priority message from a wired 
token ring network. 

9. Method as set forth in anyone of the Claims 2 
45 to 7 wherein the second message is sent after 

a predetermined interval of time having a dura- 
tion that is independent of an amount of wire- 
less communication traffic that is assigned to a 
given header station or wherein the second 
so message is sent after a variable interval of 

time having a duration that is dependent upon 
an amount of wireless communication traffic 
that is assigned to a given header station. 

55 10. Method as set forth in Claim 1 or anyone of 
the Clainns 2 to 9 wherein the steps of receiv- 
ing and initiating are accomplished in parallel 
by a group of header stations, and wherein the 



9 

BNSDOCID:<EP 0483545A1 I > 



17 EP 0 483 545 A1 



method includes an initial step of selecting 
particular ones of the header stations for mem- 
bership within one of the plurality of groups, 
the initial step of selecting including the steps 
of: 5 

determining which communication cells overlap 
other communication cells; 



deriving a graph structure having vertices cor- io 
responding to the communication cells, the 
vertices being interconnected as a function of 
whether a given communication cell overlaps 
another communication cell; and 

75 

scheduling activations of the communications 
cells by grouping the vertices into a plurality of 
groups, wherein each group is comprised of 
one or more communications cells that do not 
overlap other members of the group. 20 

11. Method as set forth in Claim 10 wherein the 
method further includes the steps of: 



operating the network to determine an amount 25 
of message traffic associated with each com- 
munication cell; and 



rescheduling activations of the communications 
cells as a function of the determined amount of 30 
message traffic. 

12. Method as set forth in Claim 1 or anyone of 
the Claims 2 to 11 where[n the first message is 
generated by a network control means at peri- 35 
odic intervals of variable duration, the first 
message being generated as a function of an 
amount of wireless communication occurring 
within the communication cells or wherein the 
first message is generated by a network con- 40 
trol means at periodic intervals having a fixed 
duration, the first message being generated as 
a function of a predetermined schedule. 
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